
force 

(Ibf) 

Error 

(lbs) 


ARED Model 

738.42 



S/N 1004 

712.69 

25.73 


S/N 1005 

713.60 

24.82 


Mean 

713.14 

25.28 


Flight S/N 
Std deviation 

0.64 





i 



VIS Spring performance 
VIS Damper performance 
VIS Mass Properties 


matches the data. Rather, the validation data is used to 
assess how well the simulation matches within a specified 
range of tolerance. If the results from the simulation, don’t fall 
within the range, more investigation and understanding in the 
model is required. 


- Range of Motion 

- Mass Properties 

- Springs 

- Dampers 


RESULTS: VERIFICATION 


Spring Force 

• VIS Z Spring showed linear increase in force as the spring was 
displaced in the model (Figure 3) matching theory. 
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Figure 3 


Vacuum 
Cylinder Force 

• The plot of force 
versus cylinder 
position is shown 
in the Figure 4 
(note x axis is in 
log scale). 

• Force remains 
fairly constant 
after the position 
exceeds 1mm of 
travel 
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Figure 4 


Legend 


CAS Score > Threshold 


Threshold > CAS Score > (Threshold-0.5) 


(Threshold-0.5) > CAS Score > (Threshold-1 .0) 


CAS Score < (Threshold-1 .0) 


Rationale for Scoring of the six remaining Credibility Assessment Factors 


Input Pedigree 

Used highest quality data possible, (e.g. engineering specification for manufacturing of ARED parts). 

Results Uncertainty 

Uncertainty estimates were quantitative and based upon deterministic analysis. 

Results Robustness 

Sensitivity of the M&S results for the RWS is quantitatively known for <20% of the variables and parameters. 

Use History 

Specific scenarios were created to test application of the M&S 

Documented the successful completion of development (including V&V) of the M&S 

M&S has been used for flywheel inertial component analysis, and ISS exercise envelope evaluation under microgravity conditions. 

M&S Management 

M&S was developed and implemented in accordance to DAP’s Project, Science and V&V plans under configuration control 

People Qualifications 

M&S developed and implemented by technical staff with advanced degree & advanced M&S training relevant to the specific technical M&S discipline 



ISS Video Data 

• Future work will involve using video data from 
exercise by the astronauts while on-orbit 

• Dynamic motion of the ARED device will be 
quantified with video tracking tools that capture the 
motion with markers 

• Model and simulation will be run to match impulses 
and track displacement of the ARED for 
comparison with video 



Tracking Markers 



OpenSim® Model 


Perform VV&C on the newly 
developed ARED in OpenSim® 
using the same data sets 

Include the video data 
captured from on-orbit 
workouts 



This work is funded by the NASA Human Research Program, managed by 
the NASA Johnson Space Center. Specifically, this work is part of the Digital 
Astronaut Project (DAP), which directly supports the Human Health and 
Countermeasures (HHC) Element. The DAP project is managed out of 
NASA/Glenn Research Center (GRC) by DeVon W. Griffin, Ph.D., and 
Lealem Mulugeta of USRA Houston serves as the DAP Project Scientist. 
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